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Abstract 
A numerical study was carried out in order to investigate the behaviour of building envelopes made of 
lightweight concretes. In this work, we are particularly interested to the building envelopes which are 
consist of cement paste with incorporation of cork aggregates in order to obtain small thermal 
conductivity and low-density materials. The mathematical formulation of coupled heat and mass transfer 
in wet porous materials has been made using Luikov's model, the system describing temperature and 
moisture transfer processes within building walls is solved numerically with the finite elements method. 
The obtained results illustrate the temporal evolutions of the temperature and the moisture content, and 
the distributions of the temperature and moisture content inside the wall for several periods of time. They 
allow us to specify the effect of the nature and dosage of fibre on the heat and mass transfer. 
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1. Introduction  
A building is designed to protect users of climate effects (hot, cold) by creating a microclimate within 
satisfactory for conducting various activities, while ensuring efficient management of energy. The 
designer must ensure that the consumption of energy (production of heat or cold) remains within the 
limits set by regulation and the financial possibilities of the occupants, while maintaining a level comfort 
defined by the developer.  
This explains the recent development of new building materials, among these materials the cork 
lightweight concretes. They can play a role as an insulator, while maintaining adequate levels of 
performance.  
Building components like walls in service conditions are subjected to variable climatic conditions, which 
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are different between their exposed sides, which can create a moisture transfer within their components. 
This mass transfer is often linked to heat transfer. The coupling of these two types of transfer affects the 
durability of the envelope and it can contribute significantly to energy losses. The magnitude of this 
contribution depends on several factors, especially the wall thickness and environmental conditions. To 
predict and track the moisture movement in the building envelope, several studies carried out and many 
simulations have been developed and validated in recent years [1]- [4].  Thus, the present work deals with 
the numerical study of one dimensional heat and mass transfer within of building materials.  
There are several different methods of describing this complex phenomenon. In this paper, the approach 
adopted is that proposed by Luikov [5] from the concepts of irreversible thermodynamics, which based on 
a system of two coupled partial differential equations.  
 
2. Studied materials
 
We have chosen to make mixtures with an identical matrix and different dosages of cork aggregates, 
by replacing a portion volume of cement paste with cork aggregates. Then we stopped when the volume 
occupied by the cork became so important that it became difficult for the mixer to mix everything. The 
amount of cork aggregates inserted is a mass fraction of the cement mass. The fiber dosages (L/B) studied 
are: 1, 3, 5, and 5 %. The used matrix consists of Portland cement (CPJ45, CMII), sand (0/4), and water. 
Table 1 lists the various mixtures studied.  
 
Table 1: Studied compositions. 
Cement  (Kg) 450 
Sand  (0/4) (Kg) 1350 
Water  (l) 225 
E/C 0.5 
Cork mass (Kg) 4.5 13.5 22.5 31.5 
Designation BL1 BL3 BL5 BL7 
ȡ(Kg/m3) 2092 1939 1811 1684 
Ȝ (W/m. K) 0.567 0.479 0.391 0.291 
 
 
3. Formulation of the problem 
 
The cork lightweight concrete used in this study as a building envelope is a porous material. It contains 
water in liquid or gaseous phases. The phase changes and the moisture migration are always linked to 
heat transfer. The mathematical equations governing the hygrothermal transfer inside the wall are given 
by:   
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Where: T is temperature, Ȧ is moisture content, x  is space variable, t  is time variable, 0U  is density 
solid matrix, pC  is specific heat of plate, O  is thermal conductivity of plate, H c  is phase change rate, 
vL  is latent heat of vaporization, D  is moisture diffusivity, G  is global thermomigration coefficient. 
 
2.1 Initial conditions 
 
As initial conditions, uniform moisture temperature and moisture content profiles are assumed  
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2.2 Boundary conditions 
 
The outdoor conditions are dependent on the meteorological parameters (wind, rain, etc.). The inside 
temperature and humidity are often chosen to satisfy the inhabitant’s comfort. This regulation tends rather 
to stabilize the temperature and humidity (figure 1). 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Scheme of building envelope 
 
 
At inside face ( 0 x ), the boundary conditions are: 
iTT        (5) 
iMM        (6) 
The boundary conditions at the outside face ( ex ) are: 
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Where qj  represent the heat exchanged with the ambient air, and mj   is the phase change energy term, 
they expressed by:  
)( exacq TThj                     (9) 
)( aexmm CChj                              (10) 
 
Where: ch  is heat transfer coefficient, mh  is mass transfer coefficient, aT  is ambient temperature, and 
aC  is the water vapor concentration of the air in the equilibrium with the surface of the body exposed to 
convection [6]. 
4. Solution methodology  
 
The resulting equations (1) and (2), with initial conditions (3) and (4), and boundary conditions (5), 
(6), (7) and (8) form a partial differential equations system non linear and coupled .The solution of the 
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above governing equations is difficult to obtain using analytical methods. Therefore, numerical methods 
of solution are used to solve this type of equations system. In this study, we use the finite element 
method, where the domain of the solution is divided into finite elements in the form of mesh. So, the 
distributions of the temperature and the moisture content in each element are obtained by nodal 
interpolation: 
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Where  e  indicates the elementary value, jiji TandT ,,,ZZ  are respectively the unknown values of the 
temperature and moisture content in the nodes i and j,    xNetxN ji  are the interpolation function, 
they are given by:  
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While proceeding according to the Galerkin's principle and by introducing the boundary conditions, 
the following matrix systems are found:  
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The discretization of time is done using the finite differences method with Cranck Nicholson 
approximation.  
5. Results and discussion 
 
The set of the results presented in this work relates to the study of coupled heat and mass transfer that 
occur in four types of walls made with cork lightweight concrete (BL1, BL3, BL5 and BL7) of thickness 
e equal to 4 cm. Initially, they have a constant temperature T0 equal to 20 ° C lower than the ambient 
temperature ( CT oa 45  ). The initial water content Ȧ0 is around 0.2 kg / kg. 
 
5.1 Profiles of temperature and water content 
 
Figures 2 and 3 represent respectively, the evolution of average temperature and average water content 
of the wall medium (BL1). The shape of these curves corresponds to that provided by Remeche [7]. The 
figure 3 shows that in the interval (0<t<120 min), the average temperature increases rapidly, which causes 
evaporation, which takes place only on the surfaces and resulting by a linear decrease of the average 
water content (figure 3). This evaporation is the same of that occurring on the free face of a liquid; it 
continues until the capillary forces, which bring back the moisture in liquid from the interior towards the 
wall surface, become rather weak and the liquid phase is discontinuous and does not run out any more. At 
this time, the transfer of moisture in liquid phase towards the wall surface stops. However, we note the 
appearance of an evaporation front which propagates inward the wall. For t = 120 min, the average 
moisture content falls considerably, and becomes very weak and the wall temperature is nearly constant.  
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Figure 2.  Temporal evaluation of the wall average temperature 
 
 
 
Figure 3.  Temporal evolution of the wall average moisture 
 
 
5.2 Spatial distributions of temperature and water content 
 
The results presented in this part of our work relates to spatial distributions of temperature and 
moisture throughout the wall for different time periods. It can be noticed that the temperature in the wall 
increases as the time period progresses (figure 4), this is due to the ambient temperature witch is higher 
than the wall's temperature. It can be noticed in figure 5, that the moisture content in the wall reduces as 
the time period increases. The reduction rate of moisture content is higher in the surface region compared 
to the interior of the wall, moreover, at the first times the moisture content reduces rapidly and as the 
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heating period progresses the rate of reduction of moisture content becomes less. 
 
 
Figure 4.  Transient temperature profiles 
 
 
 
Figure 5.  Transient moisture content profiles 
5.3 Cork dosage effect 
Figure 6 shows the temperature profiles throughout the wall for different cork dosage (BL = 1, 3, 5 and 
7 %). We observed that these profiles have a same shape and that for a given moment, the temperature 
decreases gradually as the cork dosage increases; this is explained by the fact that the cork aggregates 
thermal conductivity is very small compared to that of cement. So, the dosage increasing of these 
aggregates in concrete makes it more thermally insulated.  
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Figure 6.  Influence of cork dosage on the temperature profile 
 
The increasing of the fibers dosage modifies considerably the water content profile within the wall as 
shown in Figure 7. This modification of the slope of water content profile can be explained by the fact 
that the incorporation of the cork aggregates in the concrete gives it a more hygroscopic material and 
increases the number of pores which promotes better elimination of water from the wall. 
 
 
Figure 7.  Influence of cork dosage on the moisture content profile 
  
5. Conclusion 
 
In this paper, we have performed numerical simulations to study the coupled heat and mass one-
dimensional transfer through a wall of the building envelope subject to two different climatic conditions 
(inside and outside the building). The studied envelope is made with cork lightweight concrete. Luikov’s 
model is chosen for the formulation of the equations governing the transfers’ phenomena. The problem 
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was tackled by a numerical approach based on the finite elements method, which consists in transforming 
the differential equations into an algebraic system of equations. The obtained results illustrate the 
temporal evolutions of the temperature and the moisture content, and the distributions of the temperature 
and moisture content within the wall for several periods of time. We can conclude that the addition of 
cork in concrete during its mixing makes it more hygroscopic and more thermally insulated. 
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